Introduction: Various herbs have been used as treatment and prevention for several chronic diseases such as diabetes, hypercholesterolemia and triglyceridemia; one of those herbs is Rosemary, which has biological antioxidant mechanisms. Rosemary is a thorny Rhamnaceous plant which is widely distributed in Europe and South-Eastern Asia. It's used in traditional medicine for its therapeutic properties. The objective of this study was to investigate the effects of Rosemary (Rosmarinus officinalis) leaves powder on glucose level and lipid profile in human. Material and Methods: Forty eight adults' men and women participated in this study which has been carried out in the UOK University. The participants were randomly selected and divided into 3 groups. The first group was given 2 g/day of Rosemary leaves powder, the second group was given 5 g/day of Rosemary leaves powder while the third group was given 10 g/day of Rosemary leaves powder for a period of 4 weeks. Blood samples were analyzed for glucose, lipid profile and antioxidant at the beginning and the end of the study and the results were statistically analyzed. Results: The results indicated that a significant decrease in blood glucose level in the groups given 5 g and 10 g of the herb powder was observed but the difference was more significant in the group given 10 g/day. Values for total cholesterol and triglycerides were very significantly lower in the three treated groups. LDL-C level was significantly lower in the group given 10 g of the herb powder, while the increased levels of HDL-C was statistically significant in the group that was given 10 g/day. With regard to lipid peroxidation, giving 10 g/day of Rosemary leaves powder decreased significantly MDA and GR values whereas significantly increases the values of vitamin C and β carotene. Conclusion: In conclusion Rosmarinus officinalis appears to improve not only hyperglycemia but also dyslipidemia in a dose dependent manner and decreases lipid peroxidation through increasing antioxidants levels and this will reduce the risk of chronic disease such as cardiovascular disease.
Introduction
Medicinal plants have been used for many centuries in the management of many diseases such as Diabetes Mellitus, CVD, hypertension, and many other diseases [1] . The use of herbs as medicines has played an important role in nearly every culture, including Asia, Africa, Europe and the Americas [2] . In the traditional medicine, the use of medicinal plants is on the rise because of their treatment properties of various diseases especially diabetes and obesity [3] . Herbal medicine is based on the premise that plants contain natural substances that can promote health and alleviate illness. Several herbs can help to reduce blood sugar, high blood cholesterol, provide some protection against cancer and stimulate the immune system [4] .
Rosemarinus officinalis L. an evergreen perennial aromatic shrub belonging to the family Labiatae, commonly called Rosemary, native to the north and south coasts of the Mediterranean Sea and is a common household plant [5] . Rosemary is commonly used as a spice and flavoring agent in food processing [6] .
In recent past decades, an increasing evidence indicates the positive role of traditional medicinal plants in the prevention or control of some metabolic disorders like diabetes, heart diseases and certain types of cancers [7] .
Rosemary composed of dried leaves and flowers constitutes a particularly interesting source of biologically active phytochemicals as it contains a variety of phenolic compounds including carnosol, carnosic acid, rosmanol, 7-methyl-epirosmanol, isorosmanol, rosmadial and caffeic acid, with substantial in vitro antioxidant activity [8] [9] . Among the herbal extracts reported to have antioxidant activity, rosemary (Rosmarinus officinalis L.) is one of the most widely commercialized plant extracts; it is used as a culinary herb for flavoring and as an antioxidant in processed foods and cosmetics [10] .
The antioxidant potential of rosemary and its constituents has predominantly been derived from in vitro and in vivo studies [11] . Rosemary contains some antioxidant phenolics that have been shown to provide a defense against oxidative stress from oxidizing agents and free radicals [12] . Many herbal such as Rosemary infusions, frequently used as home medicines have antioxidative and pharmacological properties related to the presence of phenolic compounds, especially phenolic acids and flavonoids. Polyphenols are also known for their ability to prevent fatty acids from oxidative decay [13] .
A wealth of studies demonstrated antioxidant, diuretic, anti-inflammatory, anti-microbial, anti-carcinogenic, hypoglycemic and hypolipidimic activities of rosemary [14] - [17] .
As there is a possibility for Rosemary leaves to play a role as a hypoglycemic and a hypolipidemic agent, the present study was designed to evaluate the effects of rosemary, on blood lipid profile and blood sugar of human. Blood lipid profile includes, triglycerides, high density lipoprotein cholesterol (HDL), and low density lipoprotein (LDL).
Materials and Methods

Subjects
A group of 48 individuals divided into 23 men and 25 women aged between 20 to 57 years (32 ± 13) participated in this study. They were divided into three groups according to the intake dosage of Rosemary leaves powder.
They were randomly given 2, 5 or 10 g/day of Rosemary leaves powder for a period of 8 weeks. The blood specimens were collected at the beginning and the end of this period in order to investigate the effect of Rosemary leaves powder on serum blood glucose, lipid parameters such as total cholesterol, triglyceride, LDL and HDL and some antioxidants markers such as Glutathione reductase (GR), total vitamin C, B-carotene and malnodialdehyde (MDA).
Questionnaire Form
The questionnaire was divided into two sections; the first one was for personal information such as name, age and sex. The second was about medical history, and contained important questions such as:  Are you now following a special diet or taking any prescribed medication for the purpose of losing weight?  Do you have a problem of dyslipidemia or hyperlipidemia? And what is your action related to it?
The participants were chosen based on their answers, and the exclusion process was done for each person having any kind of diet or medication at the time of the study.
Methodology
Rosemary Powder Preparation
The plant materials, Rosemary leaves were collected from the organic farm in Fayom city, Egypt, during November 2012.
The plant materials were washed of residual soil and dried under-vacuum drying machine as follows: temperature at 50˚C, under-vacuum of 0.3 bar and time for 3 hours, till complete drying and ground to fine powder. The fine powder of Rosemary Leaves was stored in air tight plastic containers until used.
Blood Tests
At the beginning of this study, the blood specimens were collected as following the patient was then asked to attend the next morning after an overnight fast, to avoid any dietary influence on the serum lipid or oxidation level. Upon returning, the patient was asked to sit comfortably in a dental chair in a reclining position. A tourniquet was then applied above the right cubital fossa, and the needle of a disposable 2-ml, 23-gauge syringe was inserted into the vein. About 2 ml of venous blood was withdrawn and then transferred to a plain 10-ml glass test tube. After the blood had coagulated, the test tube containing the blood was subjected to centrifugation for about 4 -5 min at 2500 rpm. The test tube was then removed from the centrifuge, and the serum layer was pipetted into a vial, which was then stored in a refrigerator under protection from light.
Serum total cholesterol (TC), triglycerides (TG) and high density lipoprotein cholesterol (HDL-c) were performed using special kits (MEDICHEM MIDDLE EAST, cat. NO. 12220).
Glutathion reductase (GR): Erythrocyte glutathione reductase was measured by ELISA kit (Cayman's Glutathion reductase assay kits, USA) (Glutathione reductase assay kit item number 723202).
Vitamin C (V.C): Plasma vitamin C concentrations estimated with a fluorometric assay by Bio-Assay system, USA kit.
Beta carotene: Plasma Beta carotene levels were estimated by the Bradley and Hornbeck method using a beta-carotene stock standard (Sigma-Aldrich Corp. St. Louis, MO, USA) [18] .
Fasting blood glucose was also estimated in the plasma using the Glucose Enzokit made in Switzerland. The above procedure was repeated for all of the patients.
After ingestion different doses of Rosmary powder (2, 5 or 10 g/day) for 8 weeks, the procedures were repeated in order to investigate the effect of different doses of Rosemary on both lipid profile and blood glucose and lipid peroxidation and antioxidants level.
Statistical Analysis
In this study, t-test was conducted to see if there were any statistical differences between control and intervention groups. The data collected were entered into SPSS (10) program and significance difference was set at P < 0.01 and P < 0.05.
Results
The Effect of Rosemary Powder on Fasting Blood Glucose
DM is a group of metabolic disorders that share the common feature of hyperglycemia. It is worth mentioning that several reports have suggested the possible use of Rosemary extracts in the reduction of blood glucose and lipid profile [16] .
The current data showed that treatment with all doses (2, 5 and 10 g/day) of Rosemary leaves powder produced significant reduction in glucose level for all participants. The highest dose of 10 g/day tended to produce the highest reduction of glucose by 18.25% while the dose of 5 g produced reduction in glucose level only by 15.74% and 2 g/day reduced glucose level by 11.2% as shown in Table 1 . It should be notated that, treating group with 2 g/day of Rosmary powder for 8 weeks caused no significant decreasing in fasting blood glucose. On contrast, treating groups with 5 and 10 /day of Rosmary powder for 8 weeks caused significant decreasing in fasting blood glucose. A possible mechanism of the hypoglycemic action of R. officnalis was suggested to be through increasing the insulin level [19] . Moreover, recent study reported that Rosemary leads to regeneration of the β-cells of the pancreas and potentiating of insulin secretion from surviving β cells, which indicates that Rosemary decrease blood glucose level by stimulating insulin secretion from the remnant β cells or regenerated β cells. [20] .
Also the reduction of fasting blood glucose may be due to Rosemary might inhibit the intestinal absorption of glucose by inhibition of intestinal a-amylase enzyme [21] or a-glucosidase enzyme [22] .
In addition, the remarkable antidiabetogenic effects of R. officnalis could be due to its potent antioxidant properties. It also might be producing its hypoglycemic activity by a mechanism independent from insulin secretion e.g. Inhibition of protein glycation, and the inhibition of endogenous glucose production [23] .
The Effect of Rosemary Powder on Blood Lipid Profile
Obesity is a condition in which excess body fat has accumulated to such an extent that health maybe negatively affected. There is an increasing tendency by patients with hyperlipidemia to use the natural products to overcome the toxicity of synthetic drugs. So the purpose of this work was to investigate the possible hypolipidemic activity of Rosemary (R. officnalis).
This study has showed that treatment with all doses (2, 5 and 10 g/day) of Rosemary leaves powder produced significant reduction in total cholesterol (TC) level for all participants. The highest dose of 10 g/day tended to produce the highest reduction of TC by 34.48% followed by 5 g/day with reduction 17.97% and 2 g/day 11.48 ( Table 2) . This reduction could be of clinical importance as it normalized TC values because TC value of more than 200 mg/dL could be linked to increased risk of heart and blood vessel diseases [20] .
The present data are in accordance with those of Hanan and Al-Nahdi. (2012) study that showed significant reduction in total cholesterol level for Streptozotocin-induced diabetic rats rats given 200 mg/kg/d of Rosemary extract for a period of 3 weeks.
Hypercholesterolemia or more specifically elevated plasma LDL-cholesterol is an important risk factor for development and progression of atherosclerosis [24] which is accompanied by the production of free radicals which initiate processes involved in atherogenesis [25] .
R. officnalis administration was found to normalize LDL-C level for the three treatment groups. It's worth mentioning that, the dose of 10 g had the highest effect with reduction came up to 34.28%. While, treatment with 2 and 5 g reduced LDL-C level by 15.58% and 28.46%, respectively as demonstrated in Table 3 . Additionally, considering the goal value of LDL-C is less than 110 mg/dL [26] , the improvement noticed after administration of R. ofiicnalis leaves cannot be ignored for groups treated with 5 and 10 g/day. On contrast group fed on 2 g/day of rosemary powder tended to gave LDL-c higher than safety recommendation limit (less than 110 mg/dL).
The reduction of TC and LDL-C by both doses of R. officnalis may be due to the inhibition of pancreatic lipase and hormone sensitive lipase by a variety of constituents in the extract especially rosmarinic acid and other phenolics that may each contribute individually to the inhibition of pancreatic lipase (PL) and hormone sensitive lipase (HSL) in dose dependent manner with potency lower than orlistat, the only FDA approved PL inhibitor in [28] . Also found that the rosemary extract has been targeting the hormone sensitive lipase (HSL) which has been extensively studied for its effects on the metabolic switch between glucose and free fatty acids (FFAs) as an energy source. Moreover, the reduction of TC and LDL-C may be attributed to the presence of saponins that form insoluble complex with cholesterol and increase fecal lipid excretion, they also increase the liver LDL-C receptor activity [29] . Furthermore, another study revealed that glycemic control following administration of R. officnalis extract was associated with its hypolipidemic effect as elevated serum insulin level increased the clearance rate of both very low density lipoprotein cholesterol (VLDL-C) and LDL-C subsequently [30] . The reduction in lipid levels observed after the consumption of Rosemary has been suggested in other studies to be caused by a reduction in the absorption of dietary fat supported by an increase in fecal fat excretion [31] . Also, the possibility that rosemary decreased LDL-C production and oxidation, changed LDL receptor activity and uptake of LDL-C by hepatocytes cannot be excluded [32] .
As demonstrated in (Table 2) , there was an increase in HDL-C level, but the statistical difference was more significant in the 10 g/day group. The improvement in HDL-C level came up to 15.58%, 28.46% and 34.28% after consumption of 2 g, 5 g and 10 g/day of Rosemary, respectively. This finding is similar to that of (Hanan and Alnahdi. 2012) which also showed an increase in HDL-C level in Streptozotocin-induced diabetic rats after administration of 200 mg/kg of Rosemary extract for 21 days. It is also in accordance with another study conducted by [33] (Alaa et al., 2010) which showed an increase in HDL-C in experimental rats after administration of Rosemary powder at 2.5% (wt/wt) of the standard diet for the Rosemary powder group and Rosemary extract at a rate of 0.5% (wt/wt) in the Rosemary extract group.
Possible explanation was due to glucose metabolism improvement as this direct protein metabolism into anabolic instead of catabolic process, which results in synthesis of proteins such as apolipoprotein A1 (Apo-A1) that constitute 70% of HDL-C structure which, in turn, results in increase of HDL-C concentration [4] .
The effect of different doses of R. officnalis on serum TAG was illustrated in ( Table 2 ). The reduction in TAG was estimated to be 15% for participants consumed 2 g of the leaves powder daily compared to 21% for those who consumed 5 g. Also it's important to spot light that the TAG value of ≤150 mg/dL is the normal value in healthy individuals [26] . It may be also stated that the rosemary leaves leads to regeneration of the β-cells of the pancreas and potentiating of insulin secretion from surviving β cells. The increase in insulin secretion and consequent decrease in blood glucose level may lead to control of lipolytic hormones. A number of other plants have also been reported to have insulin stimulatory along with antihyperlipidemic effects [25] . It is probably that rosemary leaf changed the rate of fatty acids oxidation in the liver and reduced the rate of triglycerides biosynthesis [32] .
The Effect of Rosemary Powder on Blood Lipid Peroxidation Product and Antioxidant
With regard to lipid peroxidation and antioxidants level, this study found that Rosemary decreased GR at all intake levels. The reduction percentage in GR was 0.95% at 2 g/day and 6.73% and 15.36% at 5 g/day and 10 g/day, respectively. There was a significant statistical difference for group treated with 10 g/day (p = 0.002) as shown in Table 3 . Also this table showed the effect of Rosemary intake on Vitamin C levels. This product improved the levels of vitamin C and the percentage of the increase was 8% at 2 g/day to 11.37% at 5 g/day and 19.93% at 10 g/day which had significant difference at this level. β carotene levels have been improved with increased intake levels, this increase estimated at 7.5% at 2 g/day and 33.33% and 45.23 at 5/g day and 10 g/day, respectively.
This study has also shown that intake of Rosemary reduces MDA levels. The percentage of this reduction was 13.6% at 2 g/day and at 5 g/day it was 12.43% whereas it was decreased to 36.21 at 10 g/day which had very significant difference at this level. These findings are shown in Table 3 .
Free radical damage including hydroperoxides, singlet oxygen, and hydrogen peroxides, evaluated by MDA levels as the final products of lipid peroxidation, and the direct depletion of antioxidant reserves [34] . The results indicated that, all treated groups tended to have MDA lower than non-treated groups, even there were significant difference were observed between them. The decrease in the MDA level, by Rosemary leaves powder may be attributed to the antioxidant properties that inhibited lipid peroxidation, this in turn stabilize the reactive radicals, preserve the cellular [35] . The current results were agreed with the previous study which reported that Rosemary extract significantly decrease malonaldehyde (MDA) contents, the crude extract also acted as a cytoprotective agent when reflected a Free radical-scavenging activity that elicited widespread damage to cell constituents such as membrane lipids and significantly increased the normal cells viability and the antioxidant enzymes activity superoxide dismutase (SOD) and Glutathione reductase (GR) [36] .
Conclusion
In conclusion, the results suggest that phenolic compounds from Rosmarinus officinalis protect against hyperglycemia and hypercholesterolemia-induced oxidative stress, increasing the activities of antioxidant enzymes. Moreover, rosemary leaves powder has antioxidant properties and has a positive effect on Glutathione reductase, malnodialdehyde, vitamin C content and B-carotene. Supplementation with these natural extracts may prove valuable in limiting the pathophysiology of numerous disorders associated with oxidative damage and inflammation. The rosemary leaves powder was also able to improve the serum lipid profile, contributing to cardiovascular disease reduction. Both doses (2 and 5 g/day) of R. officnalis leaves powder were found to have therapeutic potential. They possess hypolipidemic, hypoglycemic and antioxidant properties but the higher dose of 10 g/day was more efficient.
